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A MULTI-STAGE HISTORY FOR CARBONACEOUS MATERIAL I N  EXTRATERRESTRIAL 
C H O N D R I T I C  POROUS AGGREGATE W7029*A AND A NEW COSMOTHERMOMETER. 
Frans  J. M. R ie tmei je r ,  SN4, NASA-Johnson Space Center ,  Houston TX 77058 and 
I a n  D. R. Mackinnon, Dept. Geology, Univ. o f  New Mexico, Albuquerque NM 87131. 
A new s e t  o f  p r i m i t i v e  e x t r a t e r r e s t r i a l  m a t e r i a l s  c o l l e c t e d  i n  t h e  E a r t h ' s  
s t r a t o s p h e r e  i n c l u d e  Chondr i t i c  Porous Aggregates (CPA's) [I] .  CPA1s have a  
complex and v a r i a b l e  mineralogy [I-31 t h a t  i n c l u d e  ' o rgan ic  compounds' 14, 51 
and poor ly  g r a p h i t i s e d  carbon (PGC) [61. Th i s  s t u d y  p r e s e n t s  a c o n t i n u a t i o n  of 
our  d e t a i l e d  A n a l y t i c a l  E l e c t r o n  Microscope s tudy  on carbon-rich CPA W7029*A 
from t h e  JSC Cosmic Dust Co l lec t ion .  Th i s  CPA is a n  uncontaminated sample t h a t  
survived a tmospher ic  e n t r y  wi thout  a p p r e c i a b l e  a l t e r a t i o n  [71 and which 
con ta ins  "44% carbonaceous m a t e r i a l .  The carbonaceous composit ion of s e l e c t e d  
p a r t i c l e s  was confirmed by E l e c t r o n  Energy Loss Spectroscopy and S e l e c t e d  Area 
E lec t ron  D i f f r a c t i o n  (SAED). P o s s i b l e  carbonaceous contaminants in t roduced by 
specimen p r e p a r a t i o n  techniques  a r e  e a s i l y  recognised from indigenous CPA 
carbon p a r t i c l e s  [81 and do not b i a s  our  i n t e r p r e t a t i o n s .  
Carbonaceous p a r t i c l e s  i n  CPA W7029*A are presen t  as (1 )  smooth, e l e c t r o n  
t r a n s p a r e n t  s h e e t s  up t o  0 . 6 ~  x 1 . 2 ~  i n . s i z e ;  ( 2 )  clumped masses of  s t acked  
s h e e t s  and ( 3 )  f l u f f y ,  g r a n u l a r  c l u s t e r s  up t o  1.5um x  2 . 0 ~  i n  s i z e .  A 
morphological  t r a n s i t i o n  from s h e e t s  t o  c l u s t e r s  is suggested by g radua l  
coalescence of g r a n u l e s  forming around and upon i n d i v i d u a l  s h e e t s .  Using SAED, 
the  s h e e t s  can be i d e n t i f i e d  a s  p l a t e y ,  well-ordered Carbon-2H (TABLE 1 ) .  A 
t y p i c a l  SAED p a t t e r n  from a  g r a n u l a r  c l u s t e r  shows d i f f u s e  r i n g s  and h a s  002, 
101 and 111 i n t e r l a y e r  spac ings  c o n s i s t e n t  wi th  FCC. The m i c r o s t r u c t u r e s  of 
PGC i n  CPA W7029*A are s i m i l a r  t o  those  observed i n  carbonaceous c h o n d r i t e s  
[9,  101 and are c o n s i s t e n t  w i t h  c a r b o n i s a t i o n  and g r a p h i t i s a t i o n  of a  hydro- 
carbon p recursor  [ 11 ]. I n s p e c t i o n  of TABLE 1  shows t h a t  Carbon-2H i n t e r l a y e r  
spac ings  a r e  a l s o  p r e s e n t  i n  t h e  PGC. These a t y p i c a l  FCC i n t e r l a y e r  spac ings '  
a r e  absent  i n  PGC from carbonaceous c h o n d r i t e s  [91. However, t h e  t y p i c a l  PGC 
i n t e r l a y e r  spac ing  (d=  2.10A), which is  ub iqu i tous  i n  m e t e o r i t i c  PGC [91,  is 
only  r a r e l y  observed i n  PGC from CPA W7029*A (TABLE 1) .  
It has been suggested t h a t  CPA1s a r e  de r ived  from proto-planetary  [ 121 o r  
Chondr i t i c  Pa ren t  Bodies (CPBfs) [2 ]  which formed e a r l y  i n  t h e  h i s t o r y  of t h e  
s o l a r  system by accumulation of  ice-coated d u s t ,  mainly s i l i c a t e s ,  and water-  
i c e .  The accumulated d u s t  i n  t h e s e  bod ies  may be sub jec ted  t o  d i a g e n e s i s  and 
a s  a  r e s u l t  low-temperature (LT) minera l s  w i l l  form s i t u  13, 6 ,  13 1. I n  
t h i s  model, t h e  temperature  dur ing  d i a g e n e s i s  g r a d u a l l y  i n c r e a s e s  from -225K 
t o  "575K over  a  per iod of  a t  least 10 Myrs [2 ,  123. We can use  t h i s  seminal  
model a s  a  framework f o r  unders tanding our obse rva t ions  of  carbonaceous 
m a t e r i a l  i n  CPA W7029*A. 
Our obse rva t ions ,  and d a t a  on o rgan ic  compounds i n  C I  and CM c h o n d r i t e s  [9 ,  
14,  151, sugges t  t h a t  (1  ) Carbon-2H is t h e  p recursor  f o r  PGC i n  CPA W7029*A 
and ( 2 )  g r a p h i t i s a t i o n  i n  CPA's is l e s s  i n t e n s e  than  i n  carbonaceous 
chondr i tes .  The es t ima ted  s i z e  of p ro to -p lane t s  [21 is i n s u f f i c i e n t  t o  propose 
t h e  format ion o f  Carbon-2H by shock-metamorphism [ I61  o r  v i a  high p r e s s u r e  
C171. However, i n  d i a g e n e s i s  of t e r r e s t r i a l  hydrocarbon d e p o s i t s ,  i t  has  been 
shown t h a t  l a y e r  s i l i c a t e s  a r e  very  e f f e c t i v e  c a t a l y s t s  f o r  LT (<375K) hydrous 
p y r o l y s i s  of  kerogen and t h e  product ion of low-molecular weight hydrocarbons 
C18, 191. Kerogen is thermodynamically u n s t a b l e  i n  n a t u r a l  environments and 
w i l l  decompose t o  more s t a b l e  phases, such as g r a p h i t e  [19]. Layer s i l i c a t e s  
i n  CPA W7029*A formed below 325K [I31 and we suggest  t h a t  t h e s e  minera l s  ca ta -  
lysed hydrous p y r o l y s i s  of i n t e r s t e l l a r  kerogen. Below 575K many hydrocarbons 
a r e  wa te r - inso lub le  s o l i d s  and accord ing  t o  Ostwaldls  S t e p  Rule, well-ordered 
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me tas t ab le  Carbon-2H may form ia sit& i n  t h e  pa ren t  bod ies  o f  CPAts. With 
inc reased  t empera tu re  [21,  c a r b o n i s a t i o n  and g r a p h i t i s a t i o n  o f  Carbon-2H would 
produce f l u f f y  g r a n u l a r  PGC c l u s t e r s .  
Experimental  hea t - t r ea tmen t  o f  s y n t h e t i c  r e s i n s  shows t h a t  t h e  d(002)  b a s a l  
spac ing  of PGC has  a s imple  r e l a t i o n s h i p  t o  t h e  heat - t rea tment  tempera ture  
(FIGURE 1 )  [ I l l .  T h i s  r e l a t i o n s h i p  would p r o j e c t  very  h igh g r a p h i t i s a t i o n  
t empera tu res  01900K) f o r  carbonaceous c h o n d r i t e s ,  based upon c u r r e n t l y  a v a i l -  
a b l e  SAED d a t a  [91. However, many t e r r e s t r i a l  rocks  c o n t a i n  hydrocarbons 
which, w i t h  i n c r e a s e d  temperature  and time, are carbonised and g r a p h i t i s e d  and 
u l t i m a t e l y  y i e l d  g r a p h i t e  [20].  The d(002)  b a s a l  spac ing  f o r  PGC from terres- 
t r i a l  rocks  i s  p l o t t e d  a g a i n s t  t h e i r  peak-metamorphic temperatures  (FIGURE 1 ) . 
This  p l o t  s u g g e s t s  t h a t  g r a p h i t i s a t i o n  i n  carbonaceous c h o n d r i t e s  and CPA 
W7029*A may t a k e  p l a c e  a t  much lower temperatures .  These o b s e r v a t i o n s  sugges t  
t h a t  complex r e a c t i o n s  i n v o l v i n g  hydrocarbons and PGC may t a k e  p lace  i n  
p r i m i t i v e  e x t r a t e r r e s t r i a l  m a t e r i a l s  a t  temperatures  below "575K. C a t a l y t i c a l -  
l y  a c t i v a t e d  hydrous p y r o l y s i s  o f  i n t e r s t e l l a r  m a t e r i a l s  may a l s o  be impor tant  
t o  our  unders t and ing  o f  i s o t o p i c  v a r i a b i l i t y  i n  C I  and CM carbonaceous 
chondr i t e s .  
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